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of 0.5 pounds per square inch)'elect&ally wired to a direct-writing 
recorder. The przssure measured was the dynamic pressure o r  the 
difference betweekthe static and total pressures obtained from the 
Preston or  Prandtl tubes. Clear plastic hydraulic tubing connected 
the instrument (Bes ton  or  Prandtl tube, depending on which tube was 
being used at the time) to the transducer and transferred the pres- 
sure6 from the instrument to the transducer. Figure 4 is a schematic 
diagram of the pressure measuring system and Figure 5 is a photo- 
graph of the pressure transducer and direct-writing recorder. 

surface measurements were taken with a point gage at each 
10 stations. Corrections for the unevenness of the individual 



second set, measurem&s were taken at the same 10 stations and 
also at stations upstream from the curve. Figures 10 akd 11 show 
contours of equal boundary shear and give the sheer distribution in 
the canal. The shear contours were obtained in the following manner; 
(1) at all measuring stations shear measurements were taken along 
the wetted perimeter of the canal, (2) the shear values obtained were 
plotte4 on a plan view of the canal (a dot showing the location of the 
shear measurement was labeled with the corresponding shear value), 
and (3)  contour lines of equal shear were drawn, interpolating by 
inspection between the plotted points. 

Water Surface Profiles 

The water surfaces (measured trans 

elocity measurements were taken for Station 1 and 213 point velocity 
asurements for Station 10. The trend of high velocity shift through 
curve may be observed by following the general location of the 

tation 1, it is 
tations 1 to 6. 
downstream f r  

Figure 10, it is apparent that t 

nstream along the bottom of the canal.: From Stations 7 to 8 
area of high shear is on the outside bank, and between Stations 



the boundary shear &atribution shown in ~ i g u r e  10 could be repeated. 
As can be seen from a comparison of Figures 10 and 11, the results 
were very similar. In the second determination there was a general 
trend toward slightly higher shear values, Figure 11, but the s a  
relative pattern showing distribution of high to low boundary shea 
values was duplicated. The range of snear values measured was 
0.0044 to 0.0073 pounds-foot2 as determined from differential hea 
measurements with the Preston tube of 0.009 to  0.016 foot of water. 
Considering the mechanical difficulties in the methods used to  make 
and interpret differential head measurements, it can be concluded 
that the boundary shear measuring system is consistent. This is 
proved by the agreement of J?i&res 10 and 11. 

Looking at Station 1 in both Figures 10 and 11, an unsymmetrical 
boundary shear pattern about the canal centerline may be .observed. 
To determine whether this unsymmetrical shear pattern was caused 
by the curve or  by the inlet conditions, shear measurements weref-=-- 
taken.:.ipstream from Station 1. The results are  shown in Figure $1. 
The shear pattern is unsymmetrical near the canal inlet because zhe 
water sugPly pipe was located slightly to the left of the canal center- /, 

line.  ring laboratory canal construction, the small displacement 
of the inlet pipe with respect to the canal centerline was not con- 
sidered an important factor in terms of test results. However, after 
the results showed an unsymmetrical shear pattern, additional veloc- 
ity measurements were made. For velocity measurements at a sta- 
tion approximately 8 feet from the inlet box; the velocities were 
slightly higher on the left side of the canal (1.3-feet-per-second left 
side, 1.2-feet-per-second right side). The investigation showed that 
to improve the velocity distribution at the canal entrance, a larger 
inlet box with a baffle between the water supply pipe and canal would - 
be necessary, and a transition from the inlet box to  the trapezoidal 
canal would be helpful. Before continuing tests a re  made, these 
im~rovements wi l l  be added and check measurements made to  establish 
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dltion. A check against theestablished zero pressure line on the 
recorder again was made. To place the instrument into the canal, 
the jar (with the instrument and water still in it) was picked up and 
submerged in  the canal. The instrument was then removed from 
the jar and attached to the aluminum U-channel of the measuring 
station, being careful to always keep the instrument mouth sub- 
merged. After taking measurements for 2 to 3 hours, the instru- 
ment w a s  removed from the canal, again using the jar and keeping 
the mouth of the instrument submerged in water. A check on the 
position of the recorder needle with respect to the previously es- 
tablished zero line again was made to  be sure that no drift had 
occurred. A calibration recheck was also made as  described. 
After the system had been operated for some time and a number 
of these checks had been made, i t  was found that the calibration 
of the recorder w a s  very stable, but that generally there was a 
small amount of drift of the needle on the graph from zero (0.5 mm 

If the hydraulic connecting tubes from the instrument were disturbed, 
the recorder needle moved violently and hit the stop that prevents 
i t  from going off the paper. On one occasion, i t  was noted that the . 

zero line on the recorder shifted 3 mm (0.003 foot of water) when 
the tubes had been stepped on. From further investigations it was 
determined that the zero line on the recorder could generally be 
moved from 0.5 mm to 2 mm by shaking the plastic tubes. There- 
after,, when measurements were taken, the area near the pressure 
measuring equipment was blocked off to prevent inadvertent dis- 
turbances to the hydraulic tuBing. Experience sho.wed a need for 
checking the zero pressure line of the recorder more frequently 
(every 1 to 2 hours) and making calibration checks less frequent1 

Differential Pressure Measurements 

easurement of differential pressure was shown on the pape 



tial head. The accuracy of this method was surprisinay good; the 
probable e r ro r s  were small enough to be considered negligable. 

Prandtl Tube Coefficient 

The equation V = C is a general equation used to compute 
velocities from data measured with a Pitot-static tube; V = velocity, 
C = correction coefficient, g = gravitational acceleration, and Ah = 
differential head between the static and total pressure of the Pitot 
tube. The correction coefficient C is usually needed because the 
correct static pressure is noP indicated by the Pitot-static tube. 
The distance upstream from the instrument stem, o r  downstream 
from the instrument mouth, that the static pressure holes a r e  lo- 
cated has an effect upon the static pressure indication. The Prandtl 
tube, however, is a Pitot-static tube that has been designed so that 
water flowing past the instrument does not affect the static pressure 
measurement and the correction coefficient, C, is 1. 0. 

Accuracy of the static pressure measuring portion of the 3116-inch 
Prandtl tube was checked to  determine whether the coefficient was 
1.0. The static pressure check was done in the following way. The 
Prandtl tube was placed in a chamel where the average velocity of 
the waterflow could be changed from zero to approximately 4 feet 
per second. The instrument was placed approximately 0. 5 foot 
above the bottom of the channel with the static pressure holes of 
the instrument directly above a piezometer tap'in the channel bot- 
tom. Water was then ponded in the channel. One side of the pres- 
sure cell was connected to the piezometer tap and the other side to 
the static pressure tube from the instrument. BotE'sides of the 
pressure cell  thus had the same load applied (same height of the 
water above the pressure cell. ) The line traced on the recorder 
then represented a zero differential pressure. Flow in the channel 
was started and thc velocity was increased from zero to approxi- 
mately 4 feet per second. If water flowing past the instrument 

it was concluded 
Prandtl tube was 

eston tube with sim 









Figure 2 
Hyd-526 

L Prandtl and Preston tubes. 
Px-wsee7 NA 







Figure 5 
Hyd-526 

Direct-writing 7-ecorder and variable reludtance difference pressure transducer 
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